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NIC A CR No.  L5T322 CONFIDENTIAL 

RATIONAL  ADVI3CRY COMMITTEE FOR  AERONAUTICS 

CONFIDENTIAL BULLETIN 

iLIGHT  INVESTIGATION   AT HIGH 3?£ED3  OF PLOW CONDITIONS 

0V3R   AN  AIRPLANE WIHO  A3 INDICATED BY SURFACE TUFTS 

By Clstaire V.'ocd and John  A.   Zalovclk 

SUMMARY 

Flight  tests were made  at high speeds with a 
P-I+7D "irplaiie   to determine the flow characteristics, 
ao  indicated by wool  tufts,   en a section of  the upper 
surface  of the wing.     The behavior of  the  tufts,  which 
were  distributed over a section of  the ring from 59-5 
to 52»b> percent semispan,  was  determined fror, motion 
pictures.     The  tests wsre made  in straight flight  and 
in turn3  under conditions   In which tirpisne   lift  coef- 
ficients  from 0.10  to 0.5U  an{i "airplane Mach numbers 
from O.58  to  O.75 were  obtained. 

The  r<asult3 of  the  tests  indicated that  the  flow 
remained smooth over the  test panel until  the   critical 
Mach number of   the panel was  exceeded by  O.OG  at  a 
lift coefficient  of  0.10  and by 0.u5   at  £  Hit  coeffi- 
cient of  0.50.     Beyond these Mach numbers,   the  tufts 
Indicated unsteadiness  of flow and,   finally,   local 
separation when the  Mach number exceeded the  critical 
value by 0.13   at  a lift  coefficient of  0.10  and by CIO 
at  a  lift coefficient of 0.30.     The  region of separtitsd 
flow  originated   in the   neighborhood of  ?C  03rcent chord 
at high lift coefficients  and i;5  percent  chord  at low 
lift coefficients.     Ssparation appeared to  extend over 
not mor-i  than lj percent chord. 

INTRODUCTION 

In the  course  of flight  tests irade  to  determine  the 
profils-draj; characteristics  of  the win,;,  cf  a F-U7D air- 
plane,   a few v;ool  tufts were  festjnea  to  the  v/ir.g surface 
to  permit visual observation cf  the  election of flow 
the boundery layer. She   behavior oi   the  tufts   £.t high 
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soeeds  "rdicated ''istarbences  in  &*e   flow over the winr»,, 
ainanntly associated with compressibility effects,   and 
suggested  that tuft observations might provide  interesting 
Information or flow phenomena at high speeds.    A more 
complete  tuft installation was  therefore made  ovar a 
section of the wing surface between 39-5 and 52.^ percent 
semispan fron the tlane of symmetry.    The  tufts were photo- 
graphed during  flicht at hlL-,h steeds.    The  test3 were 
made  in straight flight and in turns under conditions in 
which airplane lift coefficients  ?"rom 0.10 to O.5L1. and 
airplane Wach nunbera  from 0.^3 to 0.7" ware obtained. 
The  flow conditions  indicate:; by the behavior of the 
tufts are nr»sented graphically herein for a few typical 
flipht conditions and are  correlated with the  flight 
conditions. 

APPA3ATTJ3 .;HD TESTS 

Tufts wore located en the upper surface of the 
right wing of a P-!;7D airplane (.'ig. 1) at four snan- 
wiae  stations:     J9.5• 4-3.5»  US»   ana 5^.5 percent semi- 
span froiu the plane of symmetry  (^ii. 2).    The  tufts 
consisted of strands of white wool yarn arranged in 
chordwise rows with each row ettj.ch.ed to the surface 
by a continuous 3trip of black "Scotch" cellulose tape. 
Spanwise chalk linns were  drawn on the  surface  of the 
wing at intervals of 10 percent chord,   and each line 
wan identified by a number    beginning with 1 at  the 
10-r>erccnt-cr ord station and continuing through 7 a* 
the 70-vercent-chord station (fig.  3). 

The wing of the  r-.^7P uir-plane  incorporates 
Republic S-3 airfoil  sections,  which have -pressure 
distributions similar to those of the "ACA 250-saries 
sections.     Tbe averr.ge chord oi1 the  te3t *>anol wa3 
abo\it ^6 inches and the average  thickness was about 
12.C percent chord. 

The behavior of tv,e tufts during the  tests was 
uhotograpred with a lc-millimeter r-.otion-nicture  camera 
onerating at a 3rced  cf aoproxjmatoly 32 frames per 
second.    Measurements of nornal acceleration and   free- 
stream impact pressure wore  recorded bv means of 
NACA recording instruments.    The altitude of the tests, 
indicated by an altimeter in the  cockpit,  was noted by 
the pilot, 
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Thg  tests were made   In strai ;ht flight and  in  turns 

(l«g to L.|g)    at an altitude  of 20,000 feet and  at 

iiidioatet3. airspeeds  from J15 to '14.QÜ milespar hour. 
The  wir'nlfine  I.Tnch nur.hers  ranged   from O.58  to  0.73,   und 
the L imlane  lift cceff.'.cieics ranged fror. 0.10 to 0.5!+. 

PrnS^N'nTTON 09 RESULTS 

An enlargement of one   fr-une of the motion-picture 
filii t*'.ren c!urin3 flight 's  shown as  figure l+.    The 
quality of the  ohotographs was,   in general,   too poor to 
oermit  satisfactory reproduction   i.11  this   form;   in  fig- 
ures 5 bo c,   t^ere^ore,   sketches based on   the  original 
photographs  are  u3ed  to illustrate,   t'or a  few typical 
flight conditions,   t-he flow conditions indicated by the 
tufts.     The   flew  conditions  for  various  airplane   lift 
coefficients  at  constant airplane '.i:\ch numbers of 0.6° 
aid 0.71 are  shown in figures 5 and 6,  respectively;  the 
flow conditions  for various airplane Mach numbers at 
oonstant air-lane lift coefficients of 0.13 and O.4.3 are 
shown in figures  7 and 3,   respectively.     Inasmuch aa  the 
field o? the  camera covered only the  forward 70 to 
30 percent chord,  the  flow conditions dov/natrea.r of 
this region are not known. 

TIv» flow conditions  Indicated    y the  tufts at 
various li '• t conff lclent3  and Mach ninnb^rs  are  summarized 
In figure 9»    The  interpretation of the  behavior of the 
tufts  is as  follows 1     Tufts lying  straight back and 
motionless  indicate  smooth flow,   tufts  oscillating 
laterally indicate  unsteady  How,   and  tufts   !lfl ooplng" 
around leisurely or lying curved  on the  surface  indicate 
flow separation.     (Compare   figs. l\. and 6(d).) 

The crlt'col *!ach number I.c 

at 25 and 63 percent sen'sran and 
which shock was first evident in 
semispan were determined from the 
cf other tests of the P-!;7D airpl 
in figure 10 'vitV the I'aoh number 
turbanco and flow aer-aration «/ere 
the present tests. (V?ing station 
are designated 2y/b, where y 
wing station •'rom the plane of syi 
wing span.)     The determination of 

r    of wing  sections 
the  Wach number at 

the wake  at 63 percent 
•e suits   (uipublished) 

ane  ,".nd  are  compared 
3  ".t which   flow dia- 
first  indicated  in 

s  in   .i^s.   10 and 11 
i3  the  distance  of tre 
nuns try and     b    is   the 

the  critical Mach 
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lift coefficient of 0.50,   tha flow remained smooth up 
to a Mach number of 0.62 &r.d local  flow separation 
occurred at a Mach number of Q.&7.    Comparison of  these 
res-ilta with the  critical Mach number in figure  10 
irtdicj-te3 that  the   flow remained 3mocth -intil   the 
critical Kach numb2r was exceeded by CO1)  to 0.03, 
dep<;rdin,j on  lift  coefficient.    Local  separation of 
flow occurred when the critical kach number was exceeded 
by 0.10 to O.15.    Tie Mach number at which compressibility 
3hock was   ^irst evident   in  the wske  at 6? percent  semi- 
span was  atparently exceeded by C.05  to  0.03 before 
local  flow separation occurred. 

The comparison   in figure  11 o" flight and wind- 
tunnel  results  Indicates  that   the  critical Mach number 
was 0.05 to O.0I4. higher,  depending on lift coefficient, 
in  the   flight  te3ts  than in  the   test3  of  the  O.J-scale 
model O'.' the P-ii.7ü airplane  in the .ones 16-foot high- 
speed tunnel,     Vre Much number at which local  separation 
occurred was 0.G2 higher  In  flight  than in the   tunnel. 
The  flight and tunnel  results are  therefore   in pood 
agreement. 

C0NCLTJDIN3   IUüMAHXS 

S* 

Plight t-jats made  at high speeds with a P-)|.?D air- 
plane  to dotemine  the  flow  characteristics,   as  indicated 
by wool tufts attached to a section of the upper surface 
of the wlnp,   showed that  the  flow remained  .mooth until 
the  critical Mach nvnber of the win^i  section was exceeded 
by 0.08  at  a l'rt  coefficient  of 0.10 and by  0.05  at a 
lift coefficient cf 0.50.     Feyorid  these Mach numbers, 
the  tufts  'ndlcated \insteadiness of flow and,  finally, 
local   sanaration when  the  Mach number exceeded  the  critical 
valu-.i by  1.15 at  a lift coefficient of  0.10 and by  0.10 
at a lift coef"ici^nt of 0.^0.     The "er;1on of separated 
'"low originated   in  tv-o neighborhood  of 30 r>erc.:.nt chord 
at high lift  coefficients  and !j.5 percent  chord at low 
lift coefficients.     The  region of separation appeared 
to extend over not more  than 15 percent chord.    Com- 
parison of  these   results with ro3ult3 obtained  in  the 
Ames l6-foot hijdi-spscä   tunnel  on a 0.i.-3oal2  ..-lOciel  of 
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CONFIDENTIAL Fig.   2 

Spanmoe 
location of tufts 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure Z,  - Plan view of Republic P-I4.7D airplane ahonlng 
apanwlae location of tufta. 
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CONFIDENTIAL Fig.   3 

«»v,t   win«  of Republic  P-47D 
Figure  3.-  TeBt  panel on righi wingoIP     ^ ^   48> 
n8airplane,   «"0»ln« """£„?  Kibe«   identify span- 

^e52nnerarint8erva8irof  10 percent  cnord. 
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Fig-   * 

rlor at 
Figure  4.- Photograph showing tuft  behavior a» 

an airplane lift coefficient of  0.49 and at 
Lirplane Mach number  of 0.71. 
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Figure S.~      Flow   conditions   ai   teoi  section 
for   an airplane  Mach number of 0.69. 
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NATION«. «MSORY 
COMMITTEE FOR AERONAUTICS 

CONFIDENTIAL 
Figure 6.-    F~low conditions ot test  oectlon 

for an airplane Mach number of 0.71. 
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ADOTOßCT 
The behavior of wool tufts, which were distributed over a section of the wing from 

39-5 to 52.55S of the semispan, was determined from motion-pictures.     Tosts  indicated that 
the flow regained smooth over the test panel until the critical tiach nunber of the panel 
was exceeded by 0.08 at a lift coefficient of 0.10 and by O.05 at a lift coefficient 
of 0.^0.    The region of separated flow originated in the neighborhood of 30?S of the chord 
ot high lift coefficients and in that h5% of the chord ot loo lift coefficients.    The 
separation appeared to extend over not more than 15?S of the chord. 
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g      The behavior of wool tufts, which were distributed over, a section of the wing from 
~39.5 to 52-5S8 of the semispan, was determined from motion pictures.    Tests indicated that 

the flow remained smooth over the test panel until the critical Kach number of the panel 
was exceeded by 0.08 at a lift coefficient of 0.10 and by 0.05 at a lift coefficient 
of O.50.    The region of separated flow originated in the neighborhood of 30?5 of the chord 
at high lift coefficients and in that Uj% of the chord at low lift coefficients.    The 
separation appeared to extend over not more than Vfl> of the chord. 
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